Aspects of placental protein and energy metabolism were examined in pregnant ewes subjected to either thermoneutral ('I", 18 to 20'C, 30% humidity, n = 7) or hot (H, 30 to W C , 40% humidity, n = 5 ) temperatures through mid and late gestation. Fetal and placental weights and total content of protein, RNA, and DNA were reduced (P < .001) in H ewes. placental protein and RNA concentrations (mg/g) were not different, and DNA concentrations were slightly greater (P < .l), in H vs TN ewes. Thus, heat seemed to greatly reduce total cell number and placentome size and only slightly decrease cell size. Ratios of RNA to DNA indicated a reduced capacity for protein synthesis in H placenta. However, in vitro fractional rates of protein synthesis in tissue slices fiom the fetal and maternal placenta and from the myoendometrium were not different between TN and H ewes. The H ewes had greater placental protein concentrations of hydroxyproline and glycine, perhaps suggesting a greater collagen content. In vitro oxygen consumption of fetal placenta, but not of maternal placenta or myoendometrium, was lower in H than in TN ewes. This lower oxygen consumption was partially due to a lower Na+,K+ ATPasedependent oxygen consumption. birth weight is still not clearly understood, but it is evident that the effect of heat on placental growth greatly influences fetal development (Bell, 1987) . Little information is available on placental tissue metabolism and development during heat stress. Therefore, it was the intention of the present experiment to more closely examine these aspects in ewes subjected to either thennoneutral or hot environments. Specifically, placental proteh, RNA, and DNA contents were determined to evaluate placental cellular development. In vitro measurements of tissue protein synthesis and oxygen consumption also were performed to evaluate placental metabolism during chronic heat stress.
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Materlals and Methods
Details and other aspects of procedures and data collected from this experiment have been previously presented (Bell et al., 1989) . How-3610 ever, a brief description follows because it relates to the current data.
Animals, Feeding, and Experimental Design. Pregnant Suffolk ewes (n = 13,83 to 112 kg) of known breeding date were ultrasonically scanned7 at approximately 60 d of gestation to confirm pregnancy and determine litter size. Ewes were then assigned by BW and litter size to either a thermoneutra18 (TN) or heat9 (H) treatment beginning on d 64 of gestation. Heated ewes were adapted gradually to the hot environment over 3 d. Ewes received these treatments until 136 to 141 d of gestation. At the beginning of the experiment, litter sizes for each treatment were as follows: TN, one single, six twins; H, six twins. At the end of the experiment, litter sizes for each treatment were as follows: ' I " , two singles, five twins; H, three singles, two twins, one ewe died of causes unrelated to the experiment. Ewes were fed pelleted alfalfa haylo based on BW, stage of gestation, and litter size according to NRC guidelines (NRC, 1985) .
Tissue Processing. Blood was sampled at 2-wk intervals throughout the experiment. The procedures and data associated with the blood samples have been reported previously (Bell et al., 1989) . Between 136 and 141 d of gestation, ewes were kill& the pregnant uterus of each was removed and separated into its main compents (Bell et al., 1989) . For the present report, only the placental weight was required, which was defined as the total mass of placentomes, himmed of fetal membranes and endometrium, associated with each fetus. 
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medium'' at 37.C for in vitro experiments on protein synthesis and energy expenditures as described below. The placenta was then homogenized12 in nine-fold distilled water and subsampled. Samples were stored at -7O' C until they were analyzed for protein and nucleic acids. In Vitro Fractional Protein Synthetic Rates and Oxygen Consumption. Each tissue slice used in protein synthesis measurements was incubated for 1 h at 37'C in 4.6 ml of incubation medium that contained 1 pCi of L-[ring-2,6-3HJ-phenylalanine13 in a flooding dose of 2.4 mM phenylalanine. Immediately after incubation, tissues were frozen in liquid nitrogen and stored at -20°C until further processing. Analysis of the phenylalanine specific radioactivity (SRA) of the medium and tissue protein was conducted as previously described (Early et al., 1988b) .
Oxygen consumption was determined by incubating each tissue in 4.5 ml of incubation medium and monitoring 0 2 consumption polarographically with a YSI model 5300 biological oxygen monitor14. After 20 min of incubation, ouabain, a specific inhibitor of Na+,K+ ATPase (Glyn, 1964) , was added (final concentration 10-4 M) and the incubation was continued for another 20 min. The respiration inhibited by ouabain was considered to be the energy associated with Na+,K+ ATPase activity that drives Na+,K+ transport. Oxygen consumption rates (pl 02/[mg.h]) were expressed on a wet tissue weight basis.
Protein and Nucleic Acid Analysis. Placental protein was determined on placental homogenates using the Bio-Rad15 protein assay. Placental RNA and DNA were determined by a modified procedure of Munro and neck (1969) . A l-ml sample of placental homogenate (containing 100 mg of tissue) was combined with 4 ml of ice-cold .22 N perchloric acid. The resultant protein-nucleic acid precipitate was separated by centrifugation and the supernatant fluid was discarded.
The precipitate was suspended in .3 N NaOH and the mixture was heated for 10 to 15 min in a boiling water bath until the precipitate dissolved. This step hydrolyzed the RNA into unprecipitable nucleotides and oligonucleotides. The solution was cooled and 1 ml of 2.3 N perchloric acid was added to neutralize the NaOH and create a .22 N percldoric acid solution. Proteins and DNA precipitated. The precipitate was separated by centrifugation.
The RNA was determined by combining 1 ml of the supernatant fluid with 2 ml of orcinol reagent, heating in a boiling water bath for 20 min, cooling to room temperam, and measuring the optical density at 600 nm. Orcinol reagent was prepared by adding 100 mg each of FeC13 and orcinol to 100 ml of concentrated HC1. This solution was ma& fresh daily. The protein and DNA precipitate was again dissolved in .3 N NaOH in a b o i g water bath as described above and the solution was cooled to mom temperature. One milliliter of this solution was combined with 3 ml of indole reagent, heated for 20 min in a boiling water bath, and cooled, and the optical density was measured at 490 nm. Indole reagent was prepared by dissolving 40 mg of indole in 100 ml of hot distilled water and combining this solution, when cooled, with 50 ml of H a . Standards16 of RNA (yeast, 50 to 300 pg/ml) and DNA (calf thymus, 10 to 100 pdml) were prepared in .3 N NaOH.
Placental Amino Acid Analysis. One milliliter of placenta homogenate (containing 100 mg of tissue) was homogenized in 4 ml of 5% trifluoroacetic acid (TFA) in methanol for 30 s with an Ultra-Turrax homogenizer". The protein pellet and supernatant fluid were separated by centrifugation (20 min, 10, OOO x g, 4'C) and the supernatant fluid was discarded. The pellet was homogenized two more times with 5% TFA-methanol and the final protein pellet was dried under vacuum at room temperature. The protein pellet was pulverized with a mortar and pestle and a sample (10 mg) was precisely weighed into conical, screwcapped culture tubes. Exactly 10 pmol of aamhobutyric acid internal standard was added. This was followed with 1 ml of 4 N methanesulfonic acid containing .2% txyptamine (Simpson et al., 1976) ; the head space was purged with N2; the tubes were tightly capped; the pellet was hydrolyzed for 72 h at llo'C on a heating block that heated only the liquid portion of the tube. After hydrolysis, a lO-pl aliquot was t r a n s f e d to a 10-mm x 75-mm test tube and three drops of (1:l) triethylamine:methanol were added to neutralize the acid. Solvents were evaporated under vacuum and the dried amino acid residue was directly derivatized to phenylisothiocarbamyl derivatives (Bidlingmeyer et al., 1984) . The sample was reconstituted to 1 ml with a phosphate buffer and cenaifuged (using eppendorf tubes and centrifuge) to remove insoluble residues before HPLC analysis. Amino acids were separated by HPLC using a PICOTAGTM hydro1 zate column and separation condielsewhere (Early et al., 1988a tions' i ! . The HPLC methodology is described
Results and Dlscusslon
Fetal and Placental Weights. Fetal and placental weights were presented previously (Bell et al., 1989) . Because these data were used extensively in the present calculations, they are also included in the present report. Weights of fetuses from pregnant ewes exposed to a hot environment during the last 2.5 mo of gestation were reduced (P < .01) by 27% vable 1). These data were consistent with previous observations on ewes under both experimental (Alexander and Williams, 1971) and natural (Mode, 1954; Shelton, 1964) conditions. Twin fetuses (3.37 f .21 kg) weighed less (P < .01) than singleton fetuses (4.82 f .32 kg), but there was no interaction between environment and pregnancy type. Placental weights from H ewes, on the other hand, were reduced (P < .00l) to 58% of the weights of placentae from TN ewes. Again, placentae from twin fetuses (372 f 37 g) were smaller (P < .05) than those from singleton fetuses, and there was no interaction between environment and pregnancy type. Fetal to placental weight ratios were p t e r (by 72%, P < .001) in H ewes, but these ratios were not affected by Pregnancy type.
Placental Protein, RNA, and DNA. Growth in most tissues, including the placenta, begins with cell division (hyperplasia) and proceeds to a period of growth by both hyperplasia and cell enlargement (hypertrophy) (Munro, 1979) . The final phase of growth may be exclusively by hypertrophy (Munro, 1979). The transition of these phases can be followed with the analysis of tissue protein, RNA, and DNA contents and concentrations (Munro, 1979). Total protein, RNA, and DNA contents of the placentae from H ewes were 5796, 58%, and 54% (P < .001) of the contents of the placentae from TN ewes, respectively (Table  2) . Additionally, protein, RNA, and DNA contents were 25% (P < .l), 35% (P < .Ol), and 25% (P < .05) lower in twin vs singleton placenta (data not shown). Further examination of the amino acid profiles of the placental protein also showed that H placenta contained greater (P < .l) hydroxyproline (22.9 vs 15.3 mg/g protein) and glycine (98.0 vs 83.6 mg/g protein) concentrations than TN placenta. This may suggest that H protein was higher in collagen because these two amino acids are the dominant amino acids in collagen (Ramachan&an and Ramakrishnan, 1976).
The lower DNA content of H placentae indicates that there was a lower number of cells in H than in TN placentae. This assumes that there was a constant amount of DNA per diploid nucleus and a similar distribution of placental cell types in both placentae. Placenta is hown to contain some binucleate and polypoidal cells at different stages of develop ment. However, close to parturition, sheep placenta is largely (95%) uninucleate (Wooding, 1983). The lack of large differences in protein, RNA, and DNA concentrations (mg/ g), and in the ratios of protein to RNA and DNA, in H vs TN placenta does not suggest that there were major changes in cell ploidy, placental tissue composition, or cell size 
-
(hypertrophy). Consequently, the major effect of heat on cell growth was decreased hyperplasia. Consistent with previous studies (Winick, 1967; Winick et al., 1967; Kulhanek et al., 1974) , protein, RNA, and DNA contents were linearly related to placental weights ( Figures  la, b, c indicates that fetal weight was not entirely dependent on placental development. When fetal weight was regressed on placental DNA content (Figure 2a) , the best fit of the data was a cubic relationship. The cubic relationship, however, was essentially due to one large fetus and did not seem to have much biological relevance. Therefore, a second regression was performed on the data with the absence of the one large fetus. In this instance, a quadratic relationship was observed. A major inflection in DNA content was found at approximately 2 g. This inflection point was similar to observathan in TN placenta. tions in previous studies (Kulhanek et al., 1974). These observations may indicate that fetal weight is more influenced by placental development at lower placental weights than at greater placental weights. This is consistent with previously described curvilinear relationships between fetal and placental weights in ewes in late pregnancy (Alexander and W i lliams, 1971; Bell et al., 1987) . This relationship is further illustrated in Figure 2b , which shows that fetal weight relative to placental DNA content begins to decrease at placental Tissue Oxygen Consumption. Subjecting ewes to heat stress decreased total (P < .05), Na+,K+ ATPasedependent (P < .l) and Na+,K+ ATPase-independent (P c .05) oxygen consumption in fetal placenta but not in maternal placenta or myoendometrium (Table   4 ). This lower rate of oxygen consumption of fetal placenta relative to maternal placenta may be an adaptive response to the lower oxygen diffusion capacity of placenta from heatstressed ewes @ell et al., 1987). The lower rates of ouabain-sensitive oxygen consumption in fetal placentae of H ewes indicates lower Na+ pump activity. Optimal Na+ pump activity is essential for normal mitosis (Kaplan, 1978) . Thus, the lower rates of ouabain-sensitive respiration in fetal placenta may reflect a lower rate of mitosis, which is consistent with the reduced cell numbers in H placenta. Na+,K+ ATPase activity is known to be influenced by thyroid hormones (Karin and Cook, 1984).
Thus, reduced ouabain-sensitive oxygen consumption also is consistent with a decreased thyroid hormone status in the heated ewes (Bell et al., 1989) .
ET AL. .
Implications
The specific aspects of placental tissue development affected by heat stress are not clearly understood. The present study indicates that placental stunting in heat-stressed ewes was the result of a restriction in cell number, presumably due to reduced mitotic activity, and not cell size. Lower rates of oxygen consumption in fetal placenta may relate to the reduced oxygen diffusion capacity of placentae from heat-stressed ewes. There was some evidence from RNADNA ratios indicating that there was a lower capacity for protein synthesis in placentae f r o m heat-stressed ewes. This, however, was not confirmed by in vitro rates of protein synthesis.
